Introduction {#Sec1}
============

Osteoporosis is a metabolic bone disease characterized by reduction of bone mass and deterioration of skeletal tissues as well as abnormal bone metabolism^[@CR1]^. Patients with osteoporosis have an increased bone fragility and are prone to fractures^[@CR2]^. Osteoporosis can endanger human health and affect the quality of life^[@CR3]^. Adolescence is a critical period of bone accumulation, and the peak bone mass during this period is influenced by genetics, length of adolescence, and light exposure and other factors^[@CR1],[@CR2],[@CR4]^. Although genetically influenced, BMD is also influenced by various other factors including age, alcohol intake, smoking, nutrition, drug use, deficiency of vitamin D and various diseases^[@CR1],[@CR2],[@CR5]--[@CR8]^. Research has found that the risk of osteoporosis and femoral neck fracture in schizophrenia is higher than that of the general population^[@CR3],[@CR9],[@CR10]^. In addition to lack of physical activity, smoking and drinking alcohol, poor nutrition and lack of sunshine, one of the primary reasons that schizophrenia patients are more likely to develop osteoporosis is long-term use of antipsychotics^[@CR11],[@CR12]^.

Previous studies showed that use of antipsychotics has been associated with hyperprolactinemia (HPRL) and that PRL abnormality can affect metabolic and reproductive functions and endocrine systems in vivo^[@CR13],[@CR14]^. HPRL influences bone metabolism by inhibiting the hypothalamus-pituitary--gonadal axis^[@CR11],[@CR15]^ and by directly enhancing bone turnover^[@CR16],[@CR17]^. However, there is inconsistency among studies investigating the correlation between elevated PRL resulting from antipsychotic treatment and bone metabolism in schizophrenia patients^[@CR11],[@CR18]^.

Bone turnover markers can provide information about the status of bone formation and resorption. In clinical studies, these markers can reflect unremitting bone growth, predict fracture risk, and even monitor the treatment effect of osteoporosis^[@CR19],[@CR20]^. Bone alkaline phosphatase (BAP), one of the most widely used bone formation markers, presents in osteoblast plasma membranes and is easily measured in serum or plasma. Tartrate resistant acid phosphatase isoform 5b (TRACP-5b), found in the ruffled border of osteoclasts, is characteristic of osteoclastic activity^[@CR20],[@CR21]^. Bone turnover markers are altered prior to changes in BMD and can be detected in peripheral blood.

BMD is measured using a two-dimensional projection technique to detect the average concentration of minerals in the bone, primarily calcium. The most widely used method for measuring BMD is dual-energy X-ray absorption^[@CR1]^. Commonly used measurement sites are the lumbar vertebrae and proximal femur^[@CR1]^. Other techniques for measuring BMD include single-energy X-ray absorption, peripheral dual-energy X-ray absorptiometry, two-photon absorption, quantitative computed tomography (QCT) and quantitative sonication^[@CR2],[@CR22]^. Among these methods, QCT can accurately measure the bone volume per cubic centimeter, which can more accurately indicate the bone mass, although a drawback of this technique is cost.

In addition, previous studies have found that the prevalence of osteoporosis is significantly different between men and women^[@CR23],[@CR24]^. The pathophysiological mechanism and risk factors of bone mineral density reduction in male schizophrenia may be different from female schizophrenia^[@CR25],[@CR26]^. Moreover, research of BMD in male schizophrenia is not sufficient.

Hence, we hypothesized that bone turnover markers and BMD may be changed in male chronic schizophrenia patients and increased PRL levels of the patients can contributed to their BMD reduction. Specifically, we investigated the levels of PRL, BAP, TRACP-5b and BMD to explore bone health in these patients. In addition, we attempted to explore whether there was a difference in BMD and bone transformation markers levels between different PRL levels groups.

Materials and methods {#Sec2}
=====================

Subjects {#Sec3}
--------

Seventy-nine male patients with chronic schizophrenia from Affiliated WuTaiShan Hospital of Medical College of Yangzhou University of China were recruited for this study as the schizophrenia patient group (SPs). All patients enrolled in the study were determined by the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-V), Patient Version (SCID-P) and were hospitalized for more than 5 years. The SCID and the positive and negative syndrome scale (PANSS) were conducted by the two experienced clinical psychiatrists separately (i.e. inter-rater correlation coefficient \> 0.8) following the instructions and questions in the manual to identify the disorder in the SPs group, and to exclude any mental illness in the HCs group. All assessments were recorded before laboratory measurements were taken.

Exclusion criteria included patients with comorbidities including diabetes, dementia, mental retardation and alcohol or drug abuse/dependence; use of bone-specific treatment or other drugs that affected bone density, such as glucocorticoids; and being in a wheelchair or bedridden for an extended period.

All patients in the study were on a regular single oral antipsychotic treatment regime lasting 5 years or longer. Antipsychotics included chlorpromazine (n  = 13), risperidone (n  = 9), sulpiride (n  = 11), perphenazine (n  = 20), haloperidol (n  = 8) and clozapine (n = 18). Finally, the drug doses of each drug were converted into the equivalent dose of chlorpromazine.

Meanwhile, we enlisted 56 healthy male volunteers (HCs) from the local area in Yangzhou. All volunteers were in good health and had no mental illness history as assessed by DSM-5 Axis I psychiatric diagnosis.

The study was approved by the Ethics Committee of Yangzhou WuTaiShan Hospital. All subject signed an informed consent after receiving a complete clarification of the study's goal and processes. All methods were performed in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Serum BAP, TRACP-5b and PRL level measurements {#Sec4}
----------------------------------------------

After fasting overnight, venous blood was taken from subjects between 07:30 and 08:30 of the next day. All blood samples were collected in tubes without an anticoagulant and centrifuged at 3000 g for 15 min. Samples were separated, aliquoted and stored at − 70 °C until further use.

The levels of BAP in serum were determined with an enzyme immunoassay (BAP; Quidel, San Diego, CA, USA) according to the manufacturer's instructions. And the lowest limit of detection was 0.7 U/L, and the intra- and inter-assay coefficients of variation were 2.4% and 3.1%, respectively. Serum TRACP-5b concentrations were measured using an enzyme-linked immunosorbent assay enzyme assay kit (Cat \#8033, Quidel Corporation,) according to the manufacturer's instructions. The lowest limit of detection was 0.2 U/L and the intra- and inter-assay coefficients of variation were 3.2% and \< 3.6%, respectively. An automated microplate reader (Epoch; BioTek Instruments, Winooski, VT, USA) was used to scale the optical density of each well. Serum PRL levels were measured by specialized hospital technicians using an Access Immunoassay Analyzer (Beckman-Coulter Inc., USA). The lowest limit of detection was 0.25 ng/ml, and the intra- and inter-assay coefficients of variation were o.4% and o.5%, respectively.

Patients and control samples were analyzed together on the same plates and were detected in the same time. All samples were tested in duplicate by researchers blinded to the experimental groups. BAP and TRACP-5b serum concentrations are presented in U/L while PRL serum concentrations were presented in ng/ml.

BMD measures {#Sec5}
------------

BMD was determined by QCT using a Toshiba Aquilion 64-row CT scanner at the same day of blood sampling. A 5-sample solid QCT body model (Mindwany) was placed under the waist and lumbar vertebrae of the examinees for a lumbar spine spiral scan. The collected information was then transmitted to QCT pro workstation (Mindwany) for data analysis and three-dimensional images were acquired. The detection site was L2--4 vertebral cancellous bone. The average values of the three lumbar vertebrae were determined to obtain the BMD value. All lumbar vertebrae QCT examinations were performed by the same radiologist, and the measured BMD values were compared with the normal peer reference values. The mean BMD \< 80 mg/cm^3^ measured by lumbar spine QCT was defined as osteoporosis, 80--120 mg/cm^3^ was considered as reduced bone mass, and \> 120 mg/cm^3^ was regarded as normal.

Statistical analysis {#Sec6}
--------------------

SPSS 21.0 (IBM, Armonk, NY, USA) was used to analyze data. Chi-squared analysis was applied for calculations of categorical data. All data were expressed as Median (IQR). *P* \< 0.05 was considered statistically significant. Independent sample t-tests and Mann--Whitney U test were used to compare the difference between the SPs group and HCs.

Clinically, plasma PRL levels higher than 25 ng/mL were defined as HPRL^[@CR27]^. So, we divided the SPs group into the elevated PRL group (PRL ≥ 25 ng/ml, EPRL) and the normal PRL group (PRL \< 25 ng/ml, NPRL) in line with the serum PRL concentrations. The difference among the three groups (including HCs) was then compared. The differences among the three groups were analyzed by one-way analysis of variance (ANOVA) and the Kruskal--Wallis test.

Finally, the Pearson's correlation and Spearman's correlation analysis were used to analyze the correlation between BMD and BAP, TRACP-5b, PRL, duration of illness, chlorpromazine equivalents. And the key influence factors of BMD in schizophrenia patients were identified using generalized linear regression analyses after controlling for potentially confounding variables.

Results {#Sec7}
=======

Demographic and study data in the SPs and HCs groups {#Sec8}
----------------------------------------------------

No significant difference was found between the two groups in age (IQR 43--50 vs. IQR 43--48; *t*  = 1.496, *P*  = 0.137), education (IQR 8--11 vs. IQR 6.25--11.75; *t*  = 0.926, *P*  = 0.357), smoking status (smoker/nonsmokers, 49/30 vs. 34/22; χ^2^  = 0.024, *P*  = 0.877) or BMI (IQR 22--26 vs. IQR 22.1--25.98; *t*  = 0.455, *P*  = 0.650). Median chlorpromazine equivalents was 500 (IQR 400--569) mg/day. At the time of the investigation, the median duration of treatments was 24(IQR 19--29) years. The median age of onset was 22(IQR 20--24) years and duration of illness was 25(IQR 19--29) years; all patients were between 36 and 57 years old.

Although there was no difference in BAP levels (IQR 22.8--34 vs. IQR 24.43--35.25 U/L; Z  = −1.076, *P*  = 0.282), the levels of TRACP-5b (IQR 3.8--5.8 vs. IQR 2.83--4.98 U/L; t  = 3.122, *P*  = 0.002), PRL (IQR19.56--33.06 vs. IQR 7.07--16.71 ng/ml; Z  = -7.925, *P*  = 0.000) and BMD (IQR 88.7--130.4 vs. IQR 113.1--146.03 mg/cm^3^; Z  = −3.209, *P*  = 0.001) in the SPs group were remarkably different from those in HCs (*P* \< 0.05).

Demographic and study data in the EPRL, NPRL group and HCs {#Sec9}
----------------------------------------------------------

There was no significant difference among the three groups in age, education, smoking status, or BMI (*P* \> 0.05). There was also no significant difference in age of onset, duration of illness and treatment, chlorpromazine equivalents, or PANSS subscales scores between the EPRL and NPRL groups (*P* \> 0.05; Table [1](#Tab1){ref-type="table"}).Table 1Demographics, clinical characteristics in the EPRL, NPRL group and HCs.EPRL (n = 38)NPRL (n = 41)HCs (n  = 56)F/t/Z*P* valueAge (years)45 (42.75, 49)47 (44, 50)44 (43, 48)1.8150.167aEducation(years)9 (8, 11)9 (8, 11)9 (6.25, 11.75)2.0640.356bSmoker/Nonsmokers21/1728/1334/221.4380.487cBMI (kg/m2)25.4 (23.23, 26.45)23.9 (22.65, 25.9)23.9 (22.1, 25.98)0.8140.445aBAP(U/L)25.3 (18, 29.3)30.8 (26.35, 38.05)29.1 (24.43,35.25)16.0410.000bTRACP-5b(U/L)5.2 (4.68, 6.23)4.2 (3.35, 5.35)4 (2.83, 4.98)12.0320.000aPRL(ng/ml)33.21 (28.28, 47.37)19.71 (17.67, 22.58)10.49 (7.07 ,16.71)90.1540.000bBMD(mg/cm3)105.55 (80.05, 125.68)119.2 (101.8, 135.85)132.8 (113.1, 146.03)16.2800.000bAge of onset (years)22 (19.75, 24)22 (20,24)−0.2220.824dDuration of illness (years)24 (19, 29.25)26 (20.29.5)−0.9120.365eDuration of treatment(years)23.5 (19, 29)24 (19, 29)−0.7470.457echlorpromazine equivalents500 (400, 727.5)500 (375, 650)1.2150.228ePANSS positive subscale11 (9, 14)12 (9, 17)−0.3600.719dPANSS negative subscale17 (13.75, 20)15 (14, 18)−1.2310.218dPANSS general subscale28.5 (23.5, 31)27 (23.5, 29.5)−0.7720.440dPANSS total score55.5 (51.75, 64)55 (50, 63)0.1710.864eEPRL = the schizophrenia patients with elevated PRL levels; NPRL = the schizophrenia patients with normal PRL levels; HC = healthy controls; BMI = body mass index; BAP = Bone alkaline phosphatase; TRACP-5b = Tartrate Resistant Acid Phosphatase isoform 5b; PRL = prolactin; BMD = Bone mineral density; PANSS = Positive and Negative Syndrome Scale;Data expressed as Median (IQR). Significant differences (P \< 0.05) were marked in bold.^a^One-way analysis of variance (ANOVA).^b^Kruskal-Wallis one-way ANOVA(k samples).^c^Chi-squared analysis.^d^Mann-Whitney U test.^e^Independent sample t-test.

As expected, a remarkable difference among the three groups was found in relation to PRL levels according to the Kruskal--Wallis test (*P* = 0.000); Post hoc testing showed that there were significant differences between any two groups within the three ( EPRL VS NPRL, EPRL VS HCs, NPRL VS HCs, all *P* = 0.000; Fig. [1](#Fig1){ref-type="fig"}A).Figure 1**(A)** Serum PRL levels in the schizophrenia patients with elevated PRL levels(EPRL), the schizophrenia patients with normal PRL levels(NPRL) and healthy controls(HCs); PRL = prolactin; **(B)** Serum BMD levels in EPRL, NPRL and HCs; BMD = Bone mineral density; **(C)** Serum TRACP-5b levels in EPRL, NPRL and HCs; TRACP-5b = Tartrate Resistant Acid Phosphatase isoform 5b; (**D)** Serum BAP levels in EPRL, NPRL and HCs; BAP = Bone alkaline phosphatase.

The Kruskal--Wallis test proved that the differences in BMD in the three groups were significant (*P* = 0.000) and the BMD of patients in the EPRL group was sinificantly lower than that of patients in the NPRL group and in HCs (adjusted *P* = 0.043 and *P* = 0.000, respectively). However, there was no significant difference between the NPRL group and HCs (adjusted *P* = 0.451; Fig. [1](#Fig1){ref-type="fig"}B).

One-way ANOVA showed that there was a significant difference in TRACP-5b levels among the three groups (F = 12.032, df = 2, 132, *P* = 0.000). TRACP-5b levels in the EPRL group were remarkably higher than those in the NPRL group and in HCs (*P* = 0.000 and *P* = 0.000, respectively; Fig. [1](#Fig1){ref-type="fig"}C). Although TRACP-5b levels in the NPRL group were higher than those in HCs, the difference between the two groups was not significant (*P* = 0.400; Fig. [1](#Fig1){ref-type="fig"}C).

Following the Kruskal--Wallis test, BAP levels among the three groups also had a marked difference (*P* = 0.000). Compared with the other two groups, BAP levels in the EPRL group were significantly decreased (EPRL vs NPRL: adjusted *P* = 0.000; EPRL vs HCs: adjusted *P* = 0.007). Meanwhile BAP levels in the NPRL group were not markedly different from those in HCs (adjusted *P* = 0.791; Fig. [1](#Fig1){ref-type="fig"}D).

Duration of illness, chlorpromazine equivalents were not significantly related to BMD (all*P* \> 0.05) in male schizophrenia patients. However, correlation analysis showed significant correlations between TRACP-5b (*r* =  − 0.300, *P* \< 0.01), BAP (*r* = 0.301, *P* \< 0.01), PRL (*r* =  − 0.431, *P* \< 0.01) and BMD in men with schizophrenia. For the NPRL patients, there was no significant correlations between BMD and PRL, BAP , TRACP-5b, duration of illness, chlorpromazine equivalents (all *P* \> 0.05). For the EPRL patients, no significant correlation was found between BAP (*r* = 0.213, *P* \> 0.05) and chlorpromazine equivalents (*r* = 0.015, *P* \> 0.05) with BMD. But TRACP-5b (*r* =  − 0.352, *P* \< 0.05), PRL (*r* =  − 0.519, *P* \< 0.01), duration of illness (*r* =  − 0.353, *P* \< 0.05) were negatively correlated with BMD in male schizophrenia with elevated PRL levels.

Further generalized linear regression analyses was used to elucidate independent determinants of BMD. For male schizophrenia patients, generalized linear regression analyses used BMD as dependent variable, and TRACP-5b, PRL and BAP as covariates. We found that PRL (*β* =  − 0.976, *P* = 0.001) was an independent contributor to BMD. For the EPRL group's patients, generalized linear regression analyses using BMD as dependent variable, and TRACP-5b , PRL and duration of illness as covariates revealed that TRACP-5b (*β* =  − 6.539, *P* = 0.036), PRL (*β* =  − 1.042, *P* = 0.006) were independent contributors to BMD.(Table [2](#Tab2){ref-type="table"}).Table 2Generalized linear regression analyses with BMD as dependent variable.BMDSPsEPRL*β*SE*Pβ*SE*P*BAP(U/L)0.2830.32080.378TRACP-5b(U/L) − 2.3072.26940.309 − 6.5393.1228**0.036**PRL(ng/ml) − 0.9760.2901**0.001** − 1.0420.3822**0.006***β*, standardized coefficient; SE, standard error.Significant differences (*P* \< 0.05) were marked in bold.

Discussion {#Sec10}
==========

In our study, the level of the BMD was significantly lower in the SPs group compared with HCs (Table [1](#Tab1){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}C). Our findings are consistent with previous studies of Shen, , et al.^[@CR10]^, who reported that male schizophrenic subjects had a higher prevalence of decreased BMD compared with the healthy population in china. Cui, et al.^[@CR28]^ also found that BMD decreased remarkably in Chinese patients with schizophrenia. However, Bergemann, et al. found that BMD in the lumbar and hip bones was normal in premenopausal women with schizophrenia compared with controls^[@CR29]^. These discrepancies may be related to the gender of the study participants.

We also found that PRL levels in the SPs group were significantly higher than those in HCs (Table [1](#Tab1){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}B), which is in agreement with previous reports^[@CR15],[@CR30],[@CR31]^. Elevated PRL may be associated with antipsychotic use in schizophrenia patients^[@CR14],[@CR15],[@CR32]^, which results from the blocking effect of antipsychotic drugs on DA2 receptors in the anterior pituitary, but the effect of antipsychotic drugs on PRL levels is related to the mechanism of action of different kinds of drugs^[@CR33],[@CR34]^.

After dividing the SPs group according PRL levels, we detected significant differences among the three groups (EPRL, NPRL and HCs). Compared with HCs, patients in the EPRL group had lower BMD. However, the difference of BMD between the patients in the NPRL group and HCs was not significant. Bulut et al.^[@CR12]^ observed that BMD was lower in male outpatients who had used prolactin-raising (PR) antipsychotics as compared with the patients using prolactin-sparing (PS) antipsychotics (n = 19) and HCs. A meta-analysis revealed significantly lower BMD in schizophrenia patients than in HCs after pooling the results from 13 studies comparing BMD in schizophrenia patients and HC and from seven studies comparing BMD in patients receiving PR and PS^[@CR11]^. In addition, the authors concluded that the BMD in schizophrenia patients taking PR was significantly lower than in those taking PS. However, a previous article^[@CR18]^ reported that PRL levels were not directly related to insufficient bone mass, as assessed using the osteosono-assessment index ( used as an indicator of BMD ), among schizophrenia patients, but an association between PRL levels and low BMD was not excluded. Similarly, Lin, et al. found that PRL/hyperprolactinemia(HPRL) was not associated with BMD in women with schizophrenia^[@CR35]^; they also found no significant association between PRL and BMD in 111 schizophrenia patients in a recent long-term follow-up study^[@CR36]^.

The above findings were not in accord with our results. Several factors likely contributed to discrepancies in the previous and the current findings, including location and method of BMD measurement. Our results indicated that male chronic schizophrenia patients with high PRL levels were more likely to have reduced BMD, increased bone loss and even osteoporosis. Some studies suggested that HPRL may be associated with lower bone mass due to antipsychotic therapy in men with schizophrenia but not in women^[@CR23]^. Two possible mechanisms are likely: one is the direct influence of elevated PRL levels increasing the bone turnover rate of patients^[@CR12],[@CR17]^; and the other point is that increased PRL may lead to lower levels of estradiol and testosterone^[@CR23],[@CR26],[@CR37]^, which can result in increased bone resorption and decreased BMD. In this regard, the relationship between PRL and BMD in schizophrenia patient needs further investigation.

It is worth noting that current studies have shown that reduced BMD in patients with schizophrenia is not only associated with elevated serum prolactin levels, but also with many other factors such as smoking, alcohol abuse, vitamin D deficiency and so on^[@CR1],[@CR2],[@CR4],[@CR10],[@CR11]^. More studies without confounding influence of these variables are warranted.

We detected the serum levels of two bone metabolism markers (TRACP-5b and BAP) in all subjects and found that TRACP-5b levels were remarkably elevated in patients compared with those in HCs, while BAP levels between the two groups were not significantly different. These results indicated that bone resorption markedly increased in male chronic schizophrenia patients with significantly lower BMD than HCs. Therefore, these patients are more likely to develop osteoporosis than the general population. Of note, the difference in TRACP-5b and BAP levels was significant between the EPRL group and the NPRL group as well as HCs. Meanwhile these two markers of bone metabolism were similar in the NPRL group and in HCs.

Okita et al. ^[@CR38]^found that no significant difference in serum TRACP-5b was found between SPs and HCs. In addition, some studies found no significant difference in serum BAP levels between chronic schizophrenia patients and HCs^[@CR39]^. Bergemann et al. found elevated markers of bone formation and bone resorption (osteocalcin and urinary pyridine cross-linking) in 72 premenopausal women with schizophrenia who were received routine antipsychotic medication, and all had normal BMD in the lumbar and hip vertebrae^[@CR29]^.

Again, the results of these studies are not completely consistent with our study, which may be related to the variety of BMD measurement sites selected in different studies, the different bone metabolism markers selected, and the different criteria for inclusion in the study subjects, and other factors. We found that BMD decreased and bone metabolism markers were altered in male chronic schizophrenia patients, especially in patients with elevated PRL levels. In animal studies, Seriwatanachai et al. ^[@CR17]^ found that higher PRL levels may reduce bone formation and enhance bone resorption by increasing the expression of osteoclast differentiation factors and decreasing the expression of osteoprotective factor. PRL was also found to directly affect osteoblast differentiation and mineralization in vitro^[@CR16]^. Several studies have proved that elevated PRL levels can also affect bone metabolism through sex hormones in schizophrenia^[@CR15],[@CR40]^. The results of our study showed that bone formation was significantly reduced in the patients in the EPRL group and that bone resorption was notably increased. This particular finding is in agreement with results indicating that male schizophrenia patients with elevated PRL levels may have higher bone metabolism^[@CR23]^.

Previous studies have shown lower BMD related to increased PRL, which were consistent with our results^[@CR15],[@CR23]^. After regression analyses we found no significant relationship between BMD and bone metabolism markers in all chronic male schizophrenia patients. However, a significant correlation was found between TRACP-5b and BMD in male patients with higher PRL levels. Given the paucity of data, it is impossible to exactly determine if PRL and bone mass alterations are connected in schizophrenia patient, especially in the patients with higher PRL levels; therefore, more research is needed to determine if an actual interaction exists between the two. Importantly, the change in serum PRL levels and bone metabolism markers should be monitored closely by clinicians treating schizophrenia patients. Hence, PRL and bone metabolism markers should be examined to monitor the bone health status of schizophrenia patients, especially those who are on antipsychotic drug regimens for an extended period, in order to better prevent osteoporosis and fractures.

Limitations {#Sec11}
===========

Several limitations in this study should be taken into account. First, all patients in the SPs group received antipsychotic medication; thus, the effects of different drugs on BMD and bone metabolism^[@CR41]^ were not discussed in depth in our study. Further studies are needed to inquire into possible discrepancies using different antipsychotics groups, especially first-episode drug-naïve patients with schizophrenia. Second, bone is a dynamic structure that is constantly undergoing remodeling. Osteoclasts, osteoblasts and bone cells act together to mediate bone resorption and bone formation, which in turn determines bone mass^[@CR1],[@CR2],[@CR8]^. Here we only tested for BAP and TRACP-5b, which does not fully reflect bone metabolism in patients. BMD and other bone turnover marker levels in schizophrenia patients should be studied in the future. Third, as previous studies has reported, reduced BMD in schizophrenia is associated with several factors such as smoking, physical activity, and alcohol consumption or other substance abuse^[@CR1],[@CR2],[@CR4],[@CR10],[@CR11]^. However, due to the limitations of our study, we did not collect these data , which deserve future investigations. Lastly, the current study only recruited male patients and therefore did not represent the entire population and cannot be used to determine the bone health status of female patients^[@CR25]^.

Conclusion {#Sec12}
==========

In conclusion, male chronic schizophrenia patients had significantly lower BMD and higher TRACP-5b and PRL levels than HCs. Notably, the EPRL group showed increased TRACP-5b levels and decreased BAP levels compared with the NPRL group and HCs. Taken together, we speculate that PRL and bone metabolism markers may be related to the underlying mechanisms of reduced BMD in male chronic schizophrenia patients, thus providing a useful viewpoint to monitor the bone health of male schizophrenia patients on long term antipsychotics treatment.
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